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Abstract: The problems of transport and repartition, developed in this paper as concepts of linear 
programming [7], [8], [9] and [10] (see also [1], [2], [3], [4] and [6]) are of high interest for operational research. 
They are solution for some problems of optimization and decision in management and economical development 
mainly with the aim of minimizing costs, and maximizing incomes or profit, respectively. This paper pleads for 
informing the managers about scientific methods of taking best decisions in the fields as: use of resources, 
establishing best production patterns, organizing transport with minimal expenses, best use of work force (the 
use of the minimal number of employees according to production needs), aiming maximal benefit from 
investment, optimal lot covering in agriculture, establishing an optimal degree of pasture improvement with 
consequences on supplied forage quantity and quality, and with immediate effect on improvement of the 
technologies of animal rearing in animal husbandry, etc. Even initially the “transport” problem was launched as 
a method of minimizing transport costs, today it reaches many economical problems. It can also emphasize a 
maximum resulted from an economical activity. The “repartition” problems mainly aim optimal supplying of 
resources (expressed and represented as natural numbers), including human resources. E.g.: a transport company 
can optimally use cars, air companies can optimally direct flights, and a large road and highway building 
company can optimally allow road sections to be build by different auctioneers, etc. Both problems are detailed 
treated in this paper, by chapters. Each problem is historically formulated within operational research. The 
mathematical model, and correspondent terminology (”decision variables”, ”restrictions”, ”objectives”) are 
presented by each problem. The reasons why a ”repartition” problem is always a particular case dedicated to a 
”transport” problem (first having the solution in natural numbers) are also presented. The states of a transport or 
repartition problem (”balanced problem”, ”unbalanced problem”, respectively) are presented, and indication 
concerning solution to be adopted by managers with the aim of their ”balance”, are emphasized. The authors 
implemented on computer the entire linear programming concept in operational research, including ”transport” 
and ”repartition” type of problems. When possible, the use within office environment was put into practice. Each 
use on computer creates a using screenplay equipped with necessary data mentioned in the example (”transport” 
and ”repartition” problems being determinist) and results – “solution” of the problem (results detailed 
interpreted in the two summaries). Concerning the implementation on computer of the concepts of linear 
programming, they were performed within well known and standardized programming environments, as C++ 
and Fortran 77 respectively. 
 
INTRODUCTION 
 
Analogous to the problems of a classic one-dimensional linear programming ([9] - 
algorithms "simplex"), an economical problem submitted to optimizing (here a two 
dimensional one) is considering obtaining an optimum of a goal, such as a minimum of a 
cost, respectively a maximum of an income or profit. Of course, in context (scenario) various 
factors involved but always submitted to certain restrictions (limitations, constraints). Here, 
the factors in case follow a two dimensional  distribution (matrix). The objective pursued is 
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dependent of these factors, which is why this (objective) is a mathematical  dependence 
(function) of these factors, called “decisional factors”. We can say that it is considering the 
optimization of the economic objective represented by a linear mathematical function of the 
many variables. The function submitted optimizing represents a goal from the practice of a 
wide range of areas: economical, technical, medicinal, education, agricultural, animal 
husbandry, staff organization, etc…  Reason for the function in question may be called “goal 
function”, “objective function” or “efficiency function”. We prefer the “objective function” 
name.  
The work presents model of “transport” problem and the model of “repartition” 
problem, the last as a established peculiar case of the “transport” problem. For each model we 
present an enunciation (wording) of reference, the mathematical model and the suitable 
terminology. In the paper we less insisted on the algorithms used in autors’s implementations. 
Let us not forget that only specific uses methods such as “method north-west angle”, the 
“minimum cost method”, the “maximum differences method” and various transformations to 
improve the "basic admissible solutions”. We give priority to the presentation of models in 
their original formulation, then to the mathematical model in which are represented each 
problem of "transport" respectively each problem of "rapartition". A model example (model 
problem-application) is approached in the two summaries submitted to this work. The model 
example is prefered from agricultural (farming) management. 
 
MATERIALS AND METHODS 
 
 1. Problem of “transport” 
 Wording of the problem (historical – original enunciation) 
<< A certain product (ware – it may be farm produce) is available in some warehouses 
(source - supply centers)  1 2, , , nD D D⋅ ⋅ ⋅   in quantities  1 2, , , na a a⋅ ⋅ ⋅  (disponibilities). 
The product is required by the centers of consumption (centre outlets - destinations)   
1 2, , , mC C C⋅ ⋅ ⋅  which need quantities 1 2, , , mb b b⋅ ⋅ ⋅  (necessary). 
In the principal event are known unitary costs 1, 1,( ; )ij i n j mc = =  with transport of 
an unit of product  (such as a piece from product, or one tone cargo) from each warehouse iD  
to each centre of consumption jC  (differentiated unit costs depending on distance (even if the 
unit cost per kilometer is a constant drive for product-demand)) and a unitary costs give of the  
following matrix C -  unit costs of transport matrix, with all the elements non negative: 
 
11 12 1
21 22 2
1 2
....................
m
m
n n nm
c c c
c c c
c c c
C
⋅ ⋅ ⋅ 
 
⋅ ⋅ ⋅ 
 
 
⋅ ⋅ ⋅ 
= . 
Is asked to elaborate an optimal plan for the transport, that is to determine those quantities 
1, 1,( ; )ij i n j mx = =  of ware which are recommended to carry on from each warehouse iD   to 
each  centre of consumption , so that:  
(i)     the warehouses to be emptied; (ii)    the centers of consumption to be satisfied; 
(iii)   total transport costs are minimum >>. 
 
Explanations 
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The problem of transport is a determinist one, in the sense that all the parameters rivaling on 
transport are known. All these parameters may be stocked into one table, where besides the 
matrix unit costs, are also present the disponibilities (stocks) and requirements (necessary): 
Table 1 
Table with the parameters of "transport" 
 
1C  2C  . . . . . . . . mC   Disponibilities (stocks) 
1D  11c  12c  . . . . . . . . 1mc  1a  
2D  21c  22c  . . . . . . . . 2mc  2a  
. 
. 
. 
. 
. 
. 
. 
. 
. 
 
. . . . . . . . 
. 
. 
. 
. 
. 
. 
nD  1nc  2nc  . . . . . . . . nmc  na  
Requirements (necessary) 
1b  2b  . . . . . . . . mb   
 
 2. Problem of “repartition” 
 Wording of the problem 
 The problems of “repartition” are peculiar cases of the “transport” problems. A typical 
model of the problem of “repartition” is present in enunciation below. 
<< A number of persons are  allocated to carry out a number of works or services. 
Each person may provide a single work and each work must be carried out. With a view to 
sharing effective (best-optimum) the persons, enter the matrix a role similar to the matrix of 
the costs 1, 1,( ; )ij i n j mC c= = =  from the problem of “transport”, the matrix here has the  
following  meanings:  
“the item ijc  is related to the person iP   who must carry out the work jL  and this item is: 
- either the time of the execution of work jL  by the person iP ; 
- or a score for the person iP   who reflects the execution of the work jL . 
 
Is asked to elaborate an optimal persons’s allocation plan, namely: 
(i)    a minimum, if all ijc  are execution times; (ii)   a maximum, if all ijc  are scores >>. 
 
Explanations 
Vis-à-vi prompted by a “transport” problem we have: 
All the quantities available ia are equal to 1 and all the necessary quantities jb are equal to 1. 
The components ijx  of the solution ( 1, ; 1, )ij i n j mX x = ==  are equal to 1 or 0, such as: 
 
ijx
1 ,
0 ,
i jif the person P receives the work L
contrary

= ⋅

 
 
RESULTS AND DISCUSSIONS 
 
1. Problem of “transport” 
1.1. The solution. The “solution” of a problem of “transport” means in equal measure: 
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- the matrix X = 1, 1,( ; )ij i n j mx = =  of the quantities that are transported in the 
context of spending a minimum of the transport – the values of the “decisional 
variables” included in the following matrix with all the elements non-negatives 
(optimal context):  
11 12 1
21 22 2
1 2
....................
m
m
n n nm
x x x
x x x
x x x
X
⋅ ⋅ ⋅ 
 
⋅ ⋅ ⋅ 
 
 
⋅ ⋅ ⋅ 
= ; 
 
- the value of the minimized “objective function” (the touched minimum of the costs) –  
function (1.3) below. 
 
1.2. Mathematical model of the problem of "transport" 
1.2.1. Restrictions (constraints): 
 
Restrictions imposed by the availability-disponibilities (stocks): 
1
m
ij i
j
x a
=
=∑  ,  1,i n=  restrictions arising from the conditions (i) above  (1.1) 
Restrictions imposed by the requirements (necessary): 
1
n
ij j
i
x b
=
=∑  ,  1,j m=  restrictions arising from the conditions (ii) above  (1.2) 
Conditions of non-negativity:   0ijx ≥   1, ; 1, .( )i n j m= =   
1.2.2. Objective function: 
1 1
n m
ij ij
i j
c xf
= =
=∑∑       (1.3), 
being the restriction (iii) above, submitted to minimizing. 
 
1.3. Explanatory 
Having as a purpose the formulation of the problem of "transport", some explanatory 
notes are necessary,  namely: 
  The conditions (i) and (ii) are utopian in a way. In fact the problem puts us in a 
situation as close to completion of these two conditions. They constitute restrictions 
(constraints) for the problem of “transport” and the mathematical model above contains them 
into equalities (1.1) and (1.2). The objective of (iii) shall be exercised by objective function 
(1.3) subject to minimizing. 
The initial idea of transport costs put to minimize, in other words the problem of 
transport in its original formulation of the above, it was modernized and expanded during the 
time, allowing the solving also other problems of two dimensional decisions. 
In the standard form, the problem of the transport is a “balanced” one (disponibilities= 
necesary),  that is: 
1 1
n m
i j
i j
a b
= =
=∑ ∑ . It also is a utopian case. In fact, a problem of transport is 
not balanced. This inconvenient is not a problem for the manager, this being able to “balance” 
the problem easily, as you can see in the original paper. Therefore, depending on the size 
relationship between disponibilities (available) and necessary, we have: 
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      (i)  problem of  “balanced transport”: 
1 1
n m
i j
i j
a b
= =
 
=  
 
∑ ∑ , 
      (ii)  problem of  “unbalanced transport”: 
1 1
n m
i j
i j
a b
= =
 
≠  
 
∑ ∑  with subcases: 
      
1 1
m n
j i
j i
b a
= =
>∑ ∑ (deficient problem; the necessary excedes the offer (the available funds)).  
1 1
n m
i j
i j
a b
= =
>∑ ∑ (exceedentary problem; the offer (available funds) excedes the necessary.  
 
 2. Problem of “repartition” 
The mathematical model of the problems of “repartition” is similar to that of the 
problem of “transport”, with the explanation that: 1 1,( )i i na = =  and 1 1,( )j j mb = = . 
In the case of the “unbalanced” problem, also “fictitions” people|works are introduced. 
Important: Also, in this model other problems may appear, not necessarily physical 
persons; there could be about equipments, companies, and so on.  
 
CONCLUSIONS 
 
It is also mentioned that in the paper the “objective” submitted to the optimizing is only 
one, either an income or profit submitted to the maximizing, or a cost submitted to 
minimizing. The manager, depending of the importance and the priority of the pursued 
objective pursued, in order to achieve it as optimum, he accepts them, or he pursues another 
objective, giving up some restrictions, or inducing additional restrictions. In the end of the 
work we present (only the enunciation and the mathematical model here) a model application 
from the agricultural (farming) management. The model problem is a “repartition” problem one. 
 
MODEL APPLICATION (optimum concerning an investment in zootechnical buldings) 
Enunciation 
<< A big zootechnical farm plans to build the 5 cowhoses (sheepfolds): S1,S2,S3,S4,S5 
ranging European standards, the cowhouses which will be build simultaneously. 
In this entire work 7 companies are involved: C1,C2,C3,C4,C5,C6,C7. All of them can carry 
out the works. The unitary costs (the costs that each company as able to build separated each 
cowhouse), costs expressed in thousand of RON, are present in the following table: 
Table 2 
Unitary construction costs (thousand of RON) 
 C1 C2 C3 C4 C5 C6 C7 
S1 520 510 550 470 480 440 490 
S2 840 900 920 820 800 840 800 
S3 650 600 640 610 630 600 620 
S4 760 - 810 800 780 740 - 
S5 660 650 680 660 700 - 670 
 
(the dash in the table points to the fact that the respective company cannot buil the cowhouse); 
(the 800 bold value for example, represents the cost at which C5 company is able to build separately the S2 
cowhouse). 
Legend:  S – Cowhouse (Saivan in Romanian) C – Construction Company. 
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Under the premise: “each of the seven constructing companies could build up to 2 
cowhouses simultaneously” (limits-constraints), it is required to set up an optimum assigning-
repartition plan of the destinated work (optimum decision made by the factors which provide 
the zootechnical farm’s management)  <===>  the numbers 1,5; 1,7( )ij i jx = =  (indexes nbrs 
0 or 1) for each cowhouse, assigned to each company (which cowhouse will be build by each 
company), so that the total costs meant to build the all five cowhouses will be minimum >>. 
 
Mathematical model 
Objective function. It has the same expression for each 1 and 2 questions, as follow: 
5 7
1 1
ij ij
i j
c xf
= =
=∑∑ ,  where ijc  are unitary present costs from the table above. 
Restrictions: 
- conditions of non-negativity: 0 1,5; 1,7( )ij i jx ≥ = = ; 
- the impossibility to build some cowhouses by some companies (see the table above, 
including the unitary costs). The imposibility is represented in the model by forces: 
42 47 56 0x x x= = = ; 
- the confirmation that work is completely crried out (all the five cowhouses are built): 
7
1
1 1,5( )ij
j
ix
=
= =∑ ; 
- the restrictions under the premise (up to 2 cowhouses): 
5
1
2 1,7( )ij
i
jx
=
≤ =∑ . 
 
The solution of the problem (running on the computer, respectively results 
interpretation) takes place in the two summaries submitted to the present work. 
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